Shallow subterranean environments have recently received attention as a habitat for Carabidae beetles, and many new species have been discovered using collection techniques devised for this habitat. We report the discovery of two new species of the macrogenys species group of the Pterostichus subgenus Nialoe Tanaka, 1958, collected by subterranean baited traps in northern Honshu, Japan. Pterostichus shinbodakensis Sasakawa & Itô, sp. n. is described from Mt. Shinbodake, Niigata Prefecture, and P. tateishiyamanus Sasakawa & Itô, sp. n. is described from the southeastern foot of Mt. Tateishiyama, Fukushima Prefecture. Comparative male genital morphology shows that among the known species, the two new species are most closely related to P. falcispinus Sasakawa, 2005 and P. chokaisanus Sasakawa, 2009, respectively. In addition, sympatric occurrence of P. shinbodakensis with a smaller, unidentified species of the species group was also confirmed. The implications of these results for future studies of the macrogenys species group, as well as those of Nialoe, are discussed.
Introduction
The taxonomy of the beetle family Carabidae has been investigated extensively in Japan, with many new species currently being described. Most of these new species are categorized into one of two types. In the first type, the focal species was originally recognized as a single species, but examinations of new characters have revealed that the taxon is actually composed of multiple species, including new species (e.g., Sasakawa 2006 Sasakawa , 2009a Morita 2007) . In the second type, completely unknown species have been discovered and described as new taxa (e.g., Kasahara 1991; Imura 2004; Morita et al. 2008) .
In the carabid genus Pterostichus Bonelli, 1810 of Japan, most studies during the last decade have described species of the first type (e.g., Sasakawa 2009b Sasakawa , 2009c Sasakawa and Kubota 2006; Morita 2007 Morita , 2010 . However, several studies have described species of the second type, and some of these studies provide insight for future studies of Pterostichus in Japan. Specifically, Ito (2010) and Ito and Ogai (2015) described 17 new and one new subterranean species, respectively. They collected specimens of these new species using a new type of baited trap modified for subterranean environments, which to date have received little attention as a habitat for Pterostichus in Japan (Ito 2010; Ito and Ogai 2015; see also Yoshida 2012; Ito 2015) . Their discovery of undescribed species indicates a need for future surveys of the habitat in other areas (Yoshida 2012) .
We describe two new species of the macrogenys species group of Pterostichus subgenus Nialoe Tanaka, 1958, which we collected from Niigata and Fukushima prefectures, northern Honshu, using subterranean baited traps. The macrogenys species group exhibits marked differentiation in central and northern Honshu, and many species with limited distributions occur there (Sasakawa 2009b) . However, there are many localities in which no specimens have been examined, and this limitation has hampered our knowledge of the group's diversity. Thus, examinations of specimens from additional localities have been expected.
Materials and methods
Beetles were collected using subterranean baited traps modified from the design used by Yoshida (2012) . The traps were composed of two different-sized, covered plastic containers (20.0 × 11.0 × 5.0 cm and 11.5 × 8 × 4 cm). The larger container was filled to a depth of 2 cm with a mixture of nine parts silkworm pupa powder (attractant) and one part salt (preservative for the attractant). The smaller container was then filled to 75 ml with 10-15% acetic acid (preservative) (Fig. 1) . Acetic acid can preserve specimens in the traps for up to 1 month without serious damage to membranous parts of the genitalia, which are important taxonomic characters of Pterostichus. A 3.0 × 1.5 cm rectangle (Fig. 2) or a shape with a 2.0 cm diameter was cut from the cover of the larger container to allow entry of attracted beetles. The cover of the smaller container was fixed with stainless steel bolts and nuts, 1-1.5 cm above the cover of the larger con- tainer; this "roof " prevented soil from entering the trap. A nylon cord was attached to a corner of the cover of the larger container; when the traps were installed belowground, part of the cord was left aboveground as a marker (Fig. 3) .
At the Niigata collection site, traps were installed 20 cm belowground on both sides of slope along a dry watercourse (Figs 4, 5) . At the Fukushima collection site, traps were installed 20-40 cm belowground in two colluvial slopes along a road (Figs 6, 7) .
Type materials of the new species have been deposited in the collections of the Laboratory of Forest Zoology, Graduate School of Agricultural and Life Sciences, University of Tokyo, Tokyo, Japan (holotypes) and in those of the authors (paratypes). For comparison, holotypes of P. takadateyamanus Sasakawa, 2009 , P. eboshiyamanus Sasakawa, 2009 , and P. chokaisanus Sasakawa, 2009 (at the National Museum of Nature and Science, Tokyo, Japan) and a male P. falcispinus Sasakawa, 2005 individual from the type locality (21.v.2013, Hirotarô Itô leg.) were examined. The terminology for the male genitalia follows that of Sasakawa (2009b) . Some morphological characters are abbreviated (BLm: body length from mandible apices to elytral end; BLl: body length from anterior margin of labrum to elytral end; BLc: body length from clypeal apex to elytral end; HL: head length from clypeal apex to neck base; HW: head width at widest part; PL: pronotum length along median line; PW: pronotum width at widest part; PAW: pronotal anterior margin width; PPW: pronotal posterior margin width; EL: elytral length from shoulder tip to apices; EW: elytral width at widest part).
Taxonomy
Pterostichus ( Etymology. Derived from the name of the type locality. Diagnosis. Similar to P. takadateyamanus and P. falcispinus but distinguished by the shape of right paramere (Figs 16-20; Sasakawa 2009b, Fig. 20) and distinctly sclerotized left pigmented band (in P. takadateyamanus and P. falcispinus, only slightly sclerotized). Readily distinguished from sympatrically occurring unidentified species ( Description. Head and pronotum dark brown to blackish; elytra reddish-brown; appendages reddish to dark brown. Dorsal surface almost smooth except for laterobasal impressions of the pronotum, which are slightly punctate.
Head large, widest at tempora, which are markedly swollen; width at the widest point larger than pronotal posterior margin width; length from clypeal apex to neck base longer than pronotum length along the median line. Left mandible large and strongly hooked at the apical 1/3; length between mandible apex and posterolateral end on dorsal side over 2.5-fold longer than the anterior width of the clypeus. Eyes small and barely convex, with anterior-posterior length shorter than 1/2 length of the antennal segment 1. Antennal segment 2 with two setae.
Figures 8-11. Dorsal view of species of the macrogenys species group. 8 Pterostichus shinbodakensis sp. n., holotype male 9 A female of the unidentified species sympatric with P. shinbodakensis 10 P. tateishiyamanus sp. n., holotype male 11 P. tateishiyamanus sp. n., paratype female. All figures are of the same magnification. Scale bar = 5.0 mm.
Pronotum cordate, notably flat, widest at apical 1/5. Lateral margins arcuate on apical 2/3, slightly sinuate on basal 1/3; two marginal setae on each lateral side, anterior setae near widest pronotal point, and posterior setae near hind angles. Anterior margin emarginated, with contour arched more strongly than the curvature of apical 2/3 of lateral margins; anterior angles notably produced. Posterior margin emarginated at median area, almost straight at lateral areas; hind angles right-angled. Median line impressed in the middle, not reaching both the anterior and posterior margins; laterobasal impressions single, shallow.
Elytra almost parallel-sided, less convex; shoulder distinct, but not denticulate; apices rounded; scutellar stria present, not connected to stria 1; 1 setigerous puncture on stria 1 at the level of the posterior end of scutellum; two setigerous punctures on interval 3, anterior one slightly behind the middle and posterior one on apical 1/6, both adjoining stria 2. Hind wings completely atrophied. Male sternum 7 fairly concave.
Aedeagus stout, without tubercle. Endophallus short, stout, strongly bent ventrally, with gonopore directed backward; left pigmented band distinctly sclerotized; right preapical lobe stout, as long as left preapical lobe, with apical part bent toward gonopore; left preapical lobe short, stout, directed toward leftward, with apex narrowly rounded; left apical lobe small but stout, strongly bent backward, with surface distinctly sclerotized. Left paramere square. Right paramere bent at approximately 120° at apical 2/5; apical part from dorsal view almost flat, with large, widely rounded right corner; ventral side strongly concave.
Remarks. This species is considered most closely related to P. falcispinus, because the angle bending (Fig. 17) and the wide apical part (Fig. 16 ) of the right paramere and the strongly-bent, distinctly sclerotized left preapical lobe are found in only these species among the known Nialoe species (i.e., putative synapomorphies). In other consubgeneric species, the right paramere is short, straight with a rounded apical part or slender, arcuate with a narrow apical part (i.e., not bent at an angle and not with a flat apical part), and the left preapical lobe is not distinctly sclerotized.
Although a female of the macrogenys species was also obtained at the type locality (8-30.viii.2015, Hirotarô Itô leg.; Fig. 9 ), it differs from P. shinbodakensis in several ways: a smaller body size (BLm: 14.0 mm; BLl: 12.7 mm; BLc: 12.2 mm), a left mandible that is not elongated (length between mandible apex and posterolateral end on dorsal side is ~2.2-fold as long as the anterior width of the clypeus), smaller eyes (anterior-posterior length is longer than one-half the length of the antennal segment 1), and blackish elytra. Considering the characters of the other species in the group (Figs 10, 11; Sasakawa 2005 Sasakawa , 2009b and direct (Ito and Ogai 2015) and indirect (Sasakawa 2009b ) evidence for sympatric occurrence of large and small species in some localities, the focal morphological differences would be between large (P. shinbodakensis) and small species (the focal female), rather than between sexes within the same species. To determine its taxonomic status, male specimens need to be investigated. Description. Head, pronotum, and elytra dark brown to blackish; appendages dark brown. Dorsal surface almost smooth except for laterobasal impressions of the pronotum, which are slightly punctate.
Head large, widest at tempora, which are distinctly swollen; width at the widest point larger than pronotal posterior margin width; length from clypeal apex to neck base larger than pronotum length along the median line. Left mandible large and curved at the apical 1/4; length between mandible apex and posterolateral end on dorsal side ~2.2-fold as long as the anterior width of the clypeus. Eyes weakly convex, with the anterior-posterior length longer than 1/2 length of antennal segment 1. Antennal segment 2 with two setae. Pronotum cordate, notably flat, widest at apical 1/5. Lateral margins arcuate on apical 2/3, slightly sinuate on basal 1/3; two marginal setae on each lateral side, anterior setae near widest pronotal point and posterior setae near hind angles. Anterior margin emarginated, with curvature approximately the same as that of apical 2/3 of lateral margins; anterior angles notably pronounced in the female, less pronounced in the male. Posterior margin emarginated at median area, almost straight at lateral areas; hind angles right-angled. Median line impressed in the middle, reaching the posterior margin in the holotype male but not reaching both anterior and posterior margins in the paratype male and female; laterobasal impressions single, shallow.
Elytra almost parallel-sided, less convex; shoulder distinct, but not denticulate; apices rounded; scutellar stria present, connected to stria 1 in the male specimens; in the paratype female, stria 1 disconnected at the level of the posterior end of the scutellar stria, where only the scutellar stria is connected to the other part of stria 1; one setigerous puncture on stria 1 at the level of the posterior end of the scutellum; two setigerous punctures on interval 3, anterior one slightly behind the middle and posterior one on apical 1/5-1/4, both adjoining stria 2. Hind wings completely atrophied. Male sternum 7 slightly concave. Female first fore tarsomere without adhesive hairs on ventral side.
Aedeagus stout without tubercle. Endophallus short, stout, strongly bent ventrally, with gonopore directed backward; left pigmented band weakly sclerotized; right preapical lobe small; left preapical lobe large, with bifurcated distal end; left apical lobe bifurcated, with slender and narrowly rounded apices. Left paramere square. Right paramere short, straight, rounded apically.
Remarks. Among the known members of the macrogenys species group, this species is considered the most closely related to P. chokaisanus, because the two species have slender and narrowly rounded bifurcated apices of the left apical lobe; this character is found only in these species among the species group and thus is an apomorphic character state.
Discussion
As noted in the Taxonomy section, this study provides some insights into the current understanding of the macrogenys species group. In particular, that two differentsized species occur sympatrically at the P. shinbodakensis type locality is notable; this is because although sympatric occurrence provides definitive evidence for reproductive isolation between species and thereby their distinct species status, in the macrogenys species group, such sympatry has been confirmed for only one pair of species (Ito and Ogai 2015) . Importantly, in both that study and ours, sympatry was confirmed by subterranean baited traps, which can remain installed for a long period, typically over several weeks. On the other hand, no report has confirmed sympatric occurrence of members of the macrogenys species group using conventional baited pitfall traps, which are placed aboveground for one or a few nights, despite their widespread use. Collection of these species using short-term traps is probably difficult due to their rarity. Thus, our results, together with previous reports, show that subterranean baited traps are effective not only for the discovery of new species but also for studying the relationships among known species.
Our results are also notable with respect to the collection sites. In other carabid groups that include subterranean species, the relative importance of subterranean and aboveground habitats differs among regions. For example, in the Platynini genus Jujiroa, species of the Tôkai and Kinki districts of Honshu and Shikoku occur exclusively in subterranean environments, while those in other areas occur in aboveground habitats (e.g., Habu 1978; Sasakawa 2006; Sasakawa and Toki 2008) . In the subgenus Nialoe, which includes the macrogenys species group, species occurring in shallow subterranean habitats have been reported in Shikoku and central Honshu (e.g., Kasahara and Itô 1987; Ito 2010; Ito and Ogai 2015) but not in other regions. The discovery of our species in northern Honshu, together with the fact that field surveys using subterranean traps have not been performed in most areas of Japan, shows that shallow subterranean environments may serve as a habitat for this subgenus over a larger area than was recognized previously.
